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Appendix 2 

For a two port network as shown in Figure 8 the Z-parameters can be calculated as follows, 
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(S) 



(g, +jcac,)Z-rl (Q) 

£, + gz +" + ^2 + Z U. + W )(Sl + JCOC, ) 

(gi y'coc, )Z-rl 



(10) 



From (S) we can get, 

Z{g x ycoc, )(*, ^ ycoc, ) = - g, - S 2 - J'coc, - ycoc- 

Rewritten (7) as: 

Z,i = r t + [(*2 +y'coc,)Z + l]Z, : 

multipiv (gj+jcoc,), if (gi+jcod) * 0, we get 

Cs,+ycoc,)Z„ =i(*, +ycoc I ) + (ft +y<oc,X(ft+;ac 2 )2 +l J z ia (U) 

= r t (g } + ycoc,) -r[(s, +ycoc t )(g, +ycoc 1 )Z]Z 1 , +(5, + y'coc, )Z t2 
substitute ( 1 0) to ( 1 1 ) to eliminate Z, 
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+ jac l )Z u =r i (g l +yto<r 1 ) + (-i 5, -g 2 -ycoc, -ycoc 2 )Z 12 + (g, + ycoc,)Z l2 

= r, (g, + ycoc, ) + 1 - (5, + ycoc, )Z,, - (g, + /'COC 2 )Z n + (£, + Jcoc, )Z I2 (12) 

= r, (5, "5- ) + 1 ~ U 2 + ju>c z )Z xz 
Similarly we can get an equation about Z22 as 

(S, + ycoc, )Z„ = r, (g, + ycoc, ) + 1 - (g, + ycoc, )Z I2 (13) 
We write the Z-parameters in their real and imaginary part as 
Z n = Z n<J + yZ Ui 

Z n =Z 12a +yZ 12i (14) 
Z-, = Z,, u t y'Z 22i( 
Substitute (14) to (12) we set 

(j, 4 - yuju,)(z u<l ; yZ lt J -=-^i-^ y^)^i-(gz^;coc 2 )(z T2a +/Z m ) 

5,2n u -03c,Z Ili + y(g l Z I16 -4-^,^,) = ^^, +l-^Z 12a +0)tZ ltt + ;(r 1 (oc. -coc,Z 12o - g 2 Z 12t ) 
By separate real and imaginary part, we get two equations, 

5l Z U(l -coc l Z 1l6 -r^ l -l-r^Z l2a -coc,Z l2> = 0 (16) 

SiZnt + Z u*<* c i ~ W ^^ c z Z ^ + S-.Z-.v, =0 ( l7 ) 

Be substituting (14) to (13) we can get another two equations in a similar way, 

8l Z. 2u - coc 2 Z, 2 > - r, g x - 1 + 3,2,3. - coc,Z l2t = 0 (1 3) 

5-Z,^ -i- Z^coc, - r,coc. h- coc,Z,. u + g ,Z !25 = 0 0 9) 

When the measurements are taken at two frequencies, we can get another set of equation at 

frequency CO2, if we denote the measurements at this frequency by adding a superscript 2 to the 
corresponding quantities, the equations can be written as follows 

g x Z : 2 la -CU 2 c t Z^ -r 10 - - l + g 2 Z{ u -O^-A =0 (20) 

g,Z 2 n<, +Z 2 uM 2 c, -TjCO.q -u z c z Z\ 2iJ -H^ : Z 2 i2A =0 (21) 

g.Z l iz* -(£ z c z Z Z 2Zb - r z g 2 - \ + g^uu -co ,c 1 Z 1 !23 =0 (22) 

g,Z 2 r^ -HZ^^CO-C- -r : co : c. -r 0J -qZ^ + g x Z Z \2i> =0 (23) 
The problem is to solve equations (16) to (23) for model parameters r<, g k and c <t k-1,2. 
To eliminate r, and r?, first let (16) - (20), we get, 

*.(Z, ta -Ziy-^(<aZu^ (24) 
then Q)2X(17) - Ctfx(21) which gives, 

^(co^-coZ, 2 ^ (25) 
similarlv. (12) -(16) yields, 

S^-Z^-c^uZ^ (26) 
Let 

a^Z^-Z.^ (28) 
and 

b,=coZ Ub -co,Zr lb (30) 

b 2 =co 2 Z Ub -coZ?, b ( 31 ) 

b^coZ^-co^Z^ C 32 ) 
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b 4 = co 2 Z t2b -coZ? 2b (33) 

b 3 =coZ^-co 2 Z^ (34) 

b 6 =co 2 Z 32b -coZi a , (35) 
So (24) to (26) can be rewritten as 

-ra,C0C0 2 C, +£ 4 £ z +^coco,c, =0 

Solve (36) to (38)' for g,, c,, andc 2 we get. 

_ a^COCO, -Hfe^A -^A^: -a,a.&C0C0 2 -fe^ 0303 * (39) 

a,£.6, •+• a,a,fl,axo , - aJ*,fr, -(a,) ? caco, -aJbA +aJ3*b- . 4Q . 

"> " " A, ^ 



r ' con. 



(36) 
(37) 
(38) 



* — s; «■ 

where 

A, = 6A> 3 + («t ) 2 ^<^co , - b z (b. )' + (a. ) : 6.<oa> . - 2a.a,> 3 <iXD 2 ( 4 2) 
If we denote the coefficient of (39)-(41) by n h j=I, 2.3, we get, 

c, = rug 2 
c, = ^g, 
where 

a x a.bpx& , -i-oM-^O^i + a.a.,o,COCO, -a.a^CQCO, -(a.,)~l7,CDC0.. 
"i = : : ^ I 



(43) 
(44) 
(45) 

(46) 



ap x b. + a-g-OrCOCO - - a-b^b, -(a : ) 'coco , - a-.i?.,i? A + a 2 i?A ^ 4 -^ 

A, 

-a.£,i7 4 -i-a^,^ -a.(a.)"coa>, -ajb.b, + (a, )* a 3 coco , -!-a.i?.i>, 

(49) 



Substitute g1.C1.c2 to (17) 

if g, 5*0, we can solve (49) for r, as follows 
° n,Z,, h + Z,,.<an. ^C0AuZ, 2a +Z a (50) 



Similarly we can get r 2 from ( 1 9) 

n.Z, ,„ -t-Z-.,.con, H-con.Z,.„ -rZ-a (5i) 
con- 
Substitute gi.c h C2 and r, to (16), we can determine g2. 

= _ . ; -r (52) 

1 (^) I Z. to +n l n 3 Z, 2- co^rt 1 Z I26 -n,Z t2a co+n,rt 3 Z, 24 (co) I ^(/4)"Z m (co) 

After gj is determined, g,.c,.c 2 can be calculated from (43) to (45). So far, the only parameter left 
undetermined is Z, which can be calculated at frequency co from (10) as 
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7„ gl &2 (53) 
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